We have cloned a nuclease gene, vvn, from Vibrio vulnificus, an estuarine bacterium that causes wound infections and septicemia in humans and eels. The gene contained a 696-bp open reading frame encoding 232 amino acids (aa), including a signal sequence of 18 aa. The deduced amino acid sequence of the mature nuclease predicted a molecular mass of 25 kDa, which was confirmed by vital stain, and a pI of 8.6. Vvn was produced in the periplasm of either V. vulnificus or recombinant Escherichia coli strains and was active in the oxidized (but not the reduced) form. This nuclease was able to digest DNA and RNA, with differential thermostability in DNase and RNase activities. Expression of Vvn in E. coli DH5␣ reduced the frequencies of transformation with the divalent ion-treated cells and electroporation by about 6 and 2 logs, respectively. In addition, the transformation frequency of a Vvn-deficient V. vulnificus mutant (ND) was 10-fold higher than that of the parent strain. These data suggested that Vvn may be involved in preventing uptake of foreign DNA by transformation. However, Vvn expressed in the recipients had little effect on the conjugation frequency in either E. coli or V. vulnificus. Some other DNase(s) may be present in the periplasm and responsible for a residual DNase activity, which was about one-fourth of that of the parent strain, detected in the ND mutant. We also demonstrated that Vvn was not required for the virulence of V. vulnificus mice.
Vibrio vulnificus is a gram-negative estuarine bacterium which causes severe wound infections and fulminant septicemia in humans (6, 16, 25) and eels (35) . This organism secretes a number of enzymes and toxins, such as protease (18, 21) , phospholipase (33) , and cytolysin (12) , with various biological activities that may have roles in pathogenesis. It also exhibits a cell-associated DNase activity (3) that has not been well characterized.
The DNases of several microorganisms have been proposed to be involved in some important functions. First, they could facilitate small intestine mucus colonization and promote infection by enteric pathogens by degrading the DNA-rich, viscous mucus covering the small intestine (11) . Second, degradation of DNA by DNases may provide carbon and nitrogen sources for the microorganisms (11) . Third, the DNase of V. cholerae was shown to play important roles in preventing the uptake of foreign DNA into the cell (11) . The bacterial DNases have also been suspected to cause low incidence of R plasmids (15) , low yields of plasmid DNA and poor transformability (22, 26, 34, 36) , and failure of restriction mapping by pulsed-field gel electrophoresis (22) .
Introduction of plasmids into V. vulnificus by transformation of competent cells or electroporation has not been reported and was unsuccessful in our laboratory. Gene transfer into this organism by conjugation has been used in a few studies; the frequency of conjugation was found to be very poor for most of the strains tested (unpublished data). These properties have hampered the genetic studies of this organism, such as identification of virulence determinants that would address the mechanism of bacterial pathogenesis.
The purpose of this present study was to identify and characterize the DNase of V. vulnificus. This DNase was later shown to digest RNA as well and therefore is a nuclease. The gene encoding the V. vulnificus nuclease (vvn) was cloned, and its nucleotide sequence was determined. Cellular localization of the nuclease in V. vulnificus was also analyzed. The effects of this nuclease on the efficiencies of transformation, including electroporation, and conjugation were examined in an Eschericia coli recombinant strain expressing Vvn. The role of Vvn in preventing uptake of foreign DNA in V. vulnificus was also determined by isolating a Vvn-deficient V. vulnificus mutant and comparing its frequencies of transformation and conjugation with those of the parent strain.
MATERIALS AND METHODS
Bacterial strains, plasmids, and media. Clinical V. vulnificus isolate YJ016 was obtained from National Cheng-Kung University Hospital. DH5␣ (13), S17-1 (31) , and SM10pir (20) are E. coli strains commonly used in recombinant DNA technology and bacterial genetics. pJRD215, a broad-host-range plasmid (7), was a gift from F. Brunel. pCVD442 (9), a suicide vector used in isolation of the isogenic mutant by allelic exchange technique, was a gift from J. B. Kaper. Bacterial strains were routinely grown in Luria-Bertani (LB) medium at 37°C with aeration. Ampicillin (100 g/ml), polymyxin B (50 U/ml), and tetracycline (15 g/ml) were added as appropriate.
DNA and RNA manipulation. The various recombinant DNA techniques including isolation of plasmid DNA, restriction enzyme digestion of DNA, dephosphorylation, ligation, transformation, agarose gel electrophoresis, and polyacrylamide gel electrophoresis (PAGE) of DNA, were performed according to established procedures (1, 28) . PCR was performed in a thermocycler (GeneAmp PCR system 9600; Perkin-Elmer Cetus) with conditions described previously (30) . For Southern hybridization, chromosomal DNA was prepared as described by Ausubel et al. (1) . Ten micrograms of the chromosomal DNA was completely digested with the restriction enzymes, fractionated by electrophoresis on a 1.2% agarose gel, and transferred to a nylon membrane (Hybond Nϩ; Amersham Pharmacia Biotech). The probe was prepared and labeled with [␣-32 P]dCTP by random priming with a kit (Megaprime DNA labeling system; Amersham Pharmacia Biotech) and with a restriction fragment excised from a recombinant plasmid as the template.
Detection and substrate analysis of nuclease. DNase test agar (Difco Laboratories, Detroit, Mich.) was used to screen for nuclease-producing bacterial strains. To detect nuclease activity in the bacterial cell fractions, we prepared 1.5% agarose gel containing herring sperm DNA (250 g/ml; Sigma Chemical Co.) and ethidium bromide (25 g/ml), onto which 5 l of the sample was added. Digestion of DNA was indicated by a clear zone surrounding the colony on a DNase test agar plate or by a clear spot on a DNA-containing agarose gel visualized with UV light. To determine the substrates of the nuclease, the periplasm extracted from a recombinant clone was mixed with DNA or RNA, and the mixture was incubated at 37°C for 30 to 60 min. The extent of digestion was examined after electrophoresis of the mixture on an agarose gel.
DNase assay. Periplasmic fraction (containing 0.1 mg of proteins) was mixed with 0.5 ml of salmon sperm DNA suspension (1 mg/ml in 50 mM Tris-HCl buffer [pH 9.0] containing 0.1 mg of bovine serum albumin/ml and 100 mM MgCl 2 ). The mixture was incubated at 50°C for 30 min to allow digestion of DNA and then added with an equal volume of 4% perchloric acid to terminate the reaction. The optical density at 260 nm (OD 260 ) in the supernatant, which represents the amount of DNA digested, was measured after centrifugation of the mixture that has been left on ice for 15 min to precipitate the undigested DNA (24) .
SDS-PAGE and detection of nuclease in the gel by vital stain. Electrophoresis of the proteins was performed on a sodium dodecyl sulfate (SDS)-polyacrylamide (12.5%) gel prepared as described elsewhere (28) . Prior to loading, samples were mixed with sample buffer with or without addition of the reducing agent, ␤-mercaptoethanol (2-ME; 5%, final concentration), but not boiled. The gel was stained with Coomassie blue R250 (Serva Feinbiochemica GmbH & Co., Heidelberg, Germany) to reveal the protein bands.
To detect the nuclease in the gel after electrophoresis, SDS was removed to renature the proteins in the gel as described elsewhere (27) . The gel was then placed on top of an agarose gel containing ethidium bromide (25 g/ml) and either herring sperm DNA (250 g/ml) or E. coli rRNA (280 g/ml; Boehringer Mannheim GmbH, Mannheim, Germany) and incubated at 37°C for 3 to 4 h. After removal of the polyacrylamide gel, the agarose gel was observed with UV light. The molecular weight of the protein that gave rise to a clear zone of DNA or RNA digestion was determined by using a duplicate of the gel which had been stained with Coomassie blue.
In some experiments, the vital stain was performed with an SDS-polyacrylamide gel containing herring sperm DNA (20 g/ml). When this gel was used, the sample proteins were separated by electrophoresis and renatured for 16 h, and the gel was stained with ethidium bromide to reveal the bands with nuclease activity, which produced clear zones of DNA digestion.
Nucleotide sequencing and computer analyses. Sequencing reactions were carried out by the dideoxy-chain termination method (29) . The data were then analyzed using the Genetics Computer Group Inc. (Madison, Wis.) package (version 8.1-Unix). Protein sequence comparison was performed with the EMBL-GenBank library by using the standard BLAST.
Amino acid sequence analysis. The nuclease-containing periplasmic fraction prepared from a recombinant E. coli strain was electrophoresed on an SDSpolyacrylamide (15%) gel. The proteins in the gel were then transferred to a polyvinylidene difluoride membrane and stained with amido black. The band corresponding to the nuclease was excised from the membrane and subjected to N-terminal amino acid-sequence analysis by an autosequencer (477A/120A protein/peptide sequencer; Perkin-Elmer Corp., Norwalk, Conn.).
Cell fractionation. Bacterial cultures of V. vulnificus or recombinant E. coli strains were centrifuged to separate bacterial cells from the culture supernatant. The supernatant was collected while the cell pellet was resuspended and used to prepare the periplasmic fraction and cytoplasmic extract. The periplasmic fraction was prepared by using the sucrose-EDTA method as described elsewhere (32) . The spheroplasts separated from the periplasmic fraction were lysed in a French press at 15,000 lb/in 2 followed by centrifugation at 10,000 ϫ g for 10 min, and the supernatant (cytoplasmic extract) was collected. Macromolecules in these fractions were further concentrated by a microconcentrator (10-kDa cutoff size; Amicon Inc., Beverly, Mass.) or lyophilization and redissolving in a smaller volume.
Transformation and conjugation. Transformation with divalent ion-treated competent cells was conducted as described elsewhere (14) . Electroporation was performed using Cell-Porator (Bethesda Research Laboratories) with conditions recommended by the manufacturer. In conjugation, plasmid pJRD215 was transferred from S17-1 to V. vulnificus or the recombinant DH5␣ strains by filter mating as described previously (8) .
Virulence assay. Six-week-old C3H/HeNCrj mice were injected intraperitoneally with 4 ϫ 10 6 bacteria per mouse (approximately the 50% lethal dose for V. vulnificus YJ016), and mortality was recorded 48 h after challenge.
Nucleotide sequence accession number. The sequence of the vvn gene has been submitted to GenBank; the accession number is AF063303.
RESULTS
Cloning of the V. vulnificus nuclease gene. V. vulnificus exhibited DNase activity when it grew on a DNase test agar plate. To clone the gene encoding DNase activity, a V. vulnificus genomic library (5) was screened for clones that produced a clear zone of DNA digestion on the DNase test agar after incubation for 72 h, when most bacterial cells lysed and released the intracellular materials. Eight such clones were identified among about 1,000 colonies screened. The clones were shown retrospectively to contain the same gene by restriction pattern analysis and PCR using a pair of nuclease gene-specific primers (data not shown). A 4.3-kb BamHI-BamHI fragment conferring the DNase activity was excised from one of the recombinant clones and inserted into the multiple cloning site of pUC19. From this clone the restriction map was determined, and the gene conferring DNase activity was mapped to a 1.7-kb BamHI-MluI fragment by deletion analysis. Recombinant plasmid containing this 1.7-kb fragment was designated pSI014.
Detection of nuclease in the periplasm of the recombinant clone. When tested on a DNA-containing agarose gel, strong DNase activity was detected in the periplasmic fraction, but not the culture supernatant, of a 14-h culture of E. coli DH5␣ containing pSI014 (data not shown). To identify the DNase produced by this recombinant clone, the periplasmic fraction was electrophoresed on an SDS-polyacrylamide gel and renatured, and the gel was placed on a DNA-containing agarose gel. A DNase with an apparent molecular mass of about 25 kDa, which was not present in the periplasm extracted from a strain containing the vector, was identified (Fig. 1) . A clear zone of RNA digestion was identified at the same position when the renatured polyacrylamide gel was placed on an RNAcontaining agarose gel (data not shown). In another experiment, the reducing agent, 2-ME, was added to the periplasmic fraction before use in SDS-PAGE. No band with DNase or RNase activity was detected in the reduced form (data not shown).
Nuclease analyses. V. vulnificus nuclease expressed in the periplasm of DH5␣(pSI014) was able to hydrolyze phage DNA (linear double stranded), pUC19 DNA (closed circular double stranded), and E. coli rRNA to small oligonucleotides that ran off the gel during electrophoresis (Fig. 2A) . The DNase activity in the periplasmic extract was not affected by heating at 100°C for 30 min, while the RNase activity was greatly reduced after heating for 30 min at 70°C or above (Fig.  2B) .
Nucleotide sequence of the nuclease gene and the deduced amino acid sequence. The nucleotide sequence of the 1.7-kb insert in pSI014 revealed two open reading frames (ORFs) of the same direction of transcription. One of them consisted of 696 bp and had high sequence homology with those of a num-ber of bacterial nucleases, suggesting that it may encode the nuclease of V. vulnificus. The gene was therefore designated vvn (V. vulnificus nuclease). A putative promoter (-10 and -35 regions) according to Lisser and Margalit (19) was located 47 bp upstream of the initiation codon. This ORF was preceded by a possible Shine-Dalgarno sequence (AAGA). A perfect inverted repeat with a potential ⌬G of Ϫ14.5 kcal/mol, suggesting a transcription terminator, was positioned 20 bp beyond the stop codon (Fig. 3) . The other ORF, located downstream of vvn, was homologous to the glutathione synthetase gene in E. coli. Disruption of this ORF by removing a restriction fragment did not affect the expression of nuclease activity form vvn (data not shown).
To confirm the identified ORF of vvn, the N-terminal amino acid sequence of the nuclease produced in the periplasm of E. coli DH5␣(pSI014), but not DH5␣(pUC19), was analyzed. The sequence determined was APPSSFSAAKQQAVKIYQD, which was identical to the deduced amino acid sequence starting from the 19th residue. This indicated that the vvn gene encoded a precursor with a signal sequence of 18 residues that was cleaved off while the peptide was transported across the inner membrane of the bacterial cell. The deduced sequence of the mature V. vulnificus nuclease (Vvn) consisted of 214 amino acids (aa) with an estimated molecular mass of 24.9 kDa and an isoelectric point of 8.6. The deduced amino acid sequence of Vvn showed significant homology to those of a number of other bacterial nucleases. Levels of sequence identity determined by global alignment between Vvn and Dns of V. cholerae (10), EndA of E. coli (17) , NucM of Erwinia chrysanthemi (22) , and Dns of Aeromonas hydrophila (4) were 74, 69, 65, and 64%, respectively. However, Vvn showed little sequence homology with NucA of Serratia marcescens (2), a well-characterized thermostable nuclease of 27 kDa.
Cellular localization of Vvn in V. vulnificus. The concentrates of various cellular fractions of V. vulnificus, including the culture supernatant, periplasmic fraction, and cytoplasmic extract, were examined for the presence of nuclease by the vital stain. As shown in Fig. 4 , a band with nucleolytic activity at the same position as that of the recombinant Vvn was detected in the periplasmic fraction. A band with very weak nucleolytic activity corresponding to Vvn, probably a contaminant from the periplasm, was detected in the cytoplasmic fraction. No nucleolytic band was detected in the culture supernatant.
Effects of Vvn on efficiencies of transformation and conjugation in E. coli. E. coli DH5␣(pSI014), which produced Vvn in the periplasm, was used to investigate the effect of Vvn on the various gene transfer processes. As shown in Table 1 , the frequency of transformation with the divalent ion-treated competent cells was almost 6 logs lower in this strain than in DH5␣ (pUC19). The frequency of electroporation was reduced by over 2 logs in the presence of Vvn. The conjugation frequency was not affected by Vvn (Table 1) .
Isolation and characterization of a V. vulnificus ⌬vvn mutant. To determine the role of Vvn in preventing gene transfer in V. vulnificus, an isogenic ⌬vvn mutant was isolated from a clinical strain, YJ016, by allelic exchange as described previously (30) . To introduce a deletion in vvn, two sequences were amplified from the original vvn recombinant clone by PCR. The two pairs of primers used were VDX-VDK1 and VDK2- FIG. 1 . Detection of V. vulnificus nuclease in the periplasm of E. coli recombinant clones. Proteins in the periplasm were fractionated by SDS-PAGE, and the gel (12.5%) was visualized by Coomassie blue staining (left). A duplicate of the gel was renatured and overlaid on an agarose gel containing DNA and ethidium bromide for 4 h. Bands with DNase activity were visualized by placing the agarose gel on a UV box (right). Lanes: M, molecular weight standards indicated in kilodaltons; 1, periplasmic fraction of E. coli DH5␣(pUC19), undiluted; 2, periplasmic fraction of DH5␣(pSI014), undiluted; 3, periplasmic fraction of DH5␣(pSI014), twofold diluted. pSI014 was a pUC19 derivative containing the vvn gene. The position of V. vulnificus nuclease is indicated by an arrowhead.
FIG. 2. Activity (A) and thermostability (B) of V. vulnificus nuclease on various substrates. (A)
Phage DNA (500 ng; lanes 1 to 3), pUC19 DNA (500 ng; lanes 4 to 6), and E. coli rRNA (4 g; lanes 7 to 9) were treated with the periplasmic fraction (5 l) of DH5␣(pSI014) (lanes 3, 6, and 9) or that of DH5␣(pUC19) (lanes 2, 5, and 8) for 30 min at 37°C. Lanes 1, 4, and 7 are the untreated substrates. (B) Periplasmic fraction of DH5␣(pSI014) was heated at 37°C (lane 1), 50°C (lane 2), 70°C (lane 3), 90°C (lane 4), and 100°C (lane 5) for 30 min and then used to digest either DNA or rRNA in conditions described above. Digests were examined by agarose (0.8%) gel electrophoresis. Lanes C contain untreated substrate. pSI014 was a pUC19 derivative containing the vvn gene. VDS (Fig. 5A) ; their sequences were 5Ј-GCTCTAGAATGG GCCTTTGCGGTGCTG (VDX), 5Ј-GGGGTACCAGGCA GTGA-ACGAGGCAA (VDK1), 5Ј-GGGGTACCGTCAAT GGCGATCGTTCA (VDK2), and 5Ј-ACATGCATGCCGCC GAAACGAACCTG (VDS). The PCR products were both 1.2 kb long and contained the unique sites XbaI/KpnI and KpnI/ SphI, respectively, at the two ends (Fig. 5A) . The two fragments were inserted side by side into the multiple cloning sites of pUC19 by these unique restriction sites at the ends to generate a deletion of 335 bp in vvn, which was confirmed by nucleotide sequence determination. The deletion resulted in removal of 112 aa, including part of the signal sequence, from Vvn and a frameshift after the 3Ј end of the deletion and, consequently, a stop codon 71 bp beyond the deletion. Introduction of this deletion into vvn in the recombinant clone 
a pSI014 was a pUC19 derivative containing the intact vvn gene, YJ016 was a clinical isolate, and SK005 was an isogenic mutant deficient in Vvn (ND mutant).
b Competent cells were prepared by treatment with divalent ions. The bacteria (1 ϫ 10 9 to 3 ϫ 10 9 CFU), washed or competent cells, were transformed with 5 ng of pJRD215 DNA in both methods. Transformation frequencies were calculated according to the number of transformants obtained under this condition. ND, not determined.
c The recipients were mated with E. coli S17-1(pJRD215) for 3 h at recipient/ donor ratios of 1:10 and 10:1 for E. coli and V. vulnificus, respectively. d Significant difference (P Ͻ 0.01) between the two strains by two-tailed Student t test.
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CLONING AND CHARACTERIZATION OF V. VULNIFICUS NUCLEASEcaused a reduction of nuclease activity to almost undetectable level when measured by DNase assay (1.89 in the vvn ϩ clone versus 0.03 in the ⌬vvn clone at OD 260 ). This indicated that the deletion had completely abolished the nuclease activity.
An XbaI-SphI fragment containing the vvn deletion was then cloned into a suicide plasmid pCVD442 (9) to generate pSK002, which in turn was used in isolating a V. vulnificus ⌬vvn mutant. The suicide plasmid carrying the vvn deletion was transferred from E. coli SM10pir to V. vulnificus YJ016 by conjugation, and transconjugants with the plasmid integrated into the chromosome by homologous recombination were selected. The sacB gene contained in pCVD442 allowed selection with 10% sucrose for loss of the plasmid from the chromosome by a second homologous recombination. Some of the resultant strains were then tested for presence of the vvn deletion by PCR using a pair of primers complementary to sequences flanking the deletion. A mutant, SK005, thus obtained was further confirmed for presence of the deletion by Southern hybridization (Fig. 5B) .
SK005 still produced a clear zone of DNA digestion comparable to that produced by the parent strain, YJ016, on the DNase test agar plate (data not shown). Furthermore, the nuclease activity in the periplasm of SK005 was shown to be about one-fourth of that in YJ016 (0.44 versus 0.10 in OD 260 by DNase assay), indicating a residual DNase activity in SK005. The periplasmic fraction of SK005 was able to digest DNA into fragments ranging from about 1 to 10 kb at 0.02 mg of total protein and a small amount of DNA fragments of about 0.3 kb at 0.2 mg of total protein (Fig. 6) . A vital stain of the periplasmic proteins separated by PAGE revealed a band with weak DNase activity in both SK005 and DH5␣(pUC19) (Fig.  7) .
Growth of SK005 in LB broth and its virulence in mice were also examined. SK005 and its parent strain, YJ016, grew equally well in LB broth (data not shown), and both caused 75% mortality within 48 h after intraperitoneal injection of 4 ϫ 10 6 bacteria per mouse into a group of eight mice. When tested for the efficiency of plasmid uptake, SK005 showed 10-foldhigher frequency of transformation with competent cells, but (Table 1) .
DISCUSSION
In this study, a nuclease of V. vulnificus (Vvn), which might be the cell-associated DNase reported previously (3), has been cloned and characterized for its gene structure and protein product. The mature Vvn deduced from the nucleotide sequence of the cloned gene was shown by amino acid sequence comparison to have a high degree of homology with four other bacterial nucleases: Dns of V. cholerae (10) , EndA of E. coli (17) , Dns of A. hydrophila (4) , and NucM of Erwinia chrysanthemi (22) . All of these nucleases digest both DNA and RNA, are 24 to 30 kDa in size, and may represent a new subfamily of nucleases as proposed previously (23) . One of them, NucM, has been purified and shown to be active in a wide pH range and independent of cation for its activity; therefore, it may be useful for industrial applications (23) . An extracellular nuclease (NucA) produced by S. marcescens, which is well characterized in endonuclease activity and protein structure, has a molecular mass of 27 kDa and can cleave both RNA and DNA in either double-or single-stranded form. Despite the similarities between NucA of S. marcescens (2) and Vvn in both the size and spectrum of substrates, the two enzymes show low similarity in amino acid sequence.
The size of the nuclease detected in the periplasm of a Vvn-producing recombinant E. coli strain revealed by vital stain was approximately 25 kDa, indicating that this nuclease can function as a monomer. The Vvn sequence contains eight cysteines, and treatment of periplasmic proteins with the reducing agent 2-ME abolished its DNase and RNase activities, suggesting that formation of disulfide bonds between the Cys residues is required for enzyme activity. Since disulfide bonds cannot be formed in the cytoplasm, production of Vvn was not detrimental to the nucleic acids of the host bacterial cell. The RNase activity of Vvn seemed to be more heat sensitive than the DNase activity. Whether this is because there are discrete sites for catalyzing hydrolysis of DNA and RNA, and the effects of temperature on the conformation of these two sites are different, is not clear. Genetic approaches to identify the catalytic domain(s) and characterize the purified Vvn are in progress.
Vvn is produced in the periplasm of V. vulnificus as demonstrated by vital stain. Such distribution implies that Vvn might play a role in preventing uptake of foreign DNA into the cell. Finding that Vvn is expressed constitutively during bacterial growth (our unpublished data) further supports this hypothesis. Indeed, E. coli DH5␣ expressing Vvn from a high-copynumber plasmid showed a lower frequency in electroporation and, especially, transformation with the divalent ion-treated cells. Expression of Vvn did not affect the conjugation frequency, however. The differential effects of Vvn on the efficiencies of these three gene transfer processes could be related to the different mechanisms of DNA uptake. The uptake of naked plasmid DNA is forced by high-voltage electricity in electroporation but occurs without external force in transformation with the divalent ion-treated competent cells. Entry of plasmid DNA into the cytoplasm, therefore, could be immediate in electroporation but could take much longer in transformation with the competent cells. During its translocation across the cell wall of a Vvn-producing recombinant strain, the plasmid DNA may encounter the nuclease in the periplasm and be degraded. As a consequence, the longer time a plasmid DNA takes to enter the cytoplasm, the more it is digested and the fewer transformants will be obtained. In conjugation, DNA of a mobilizable plasmid is transferred upon direct cell-cell contact mediated by specific pili. The exact nature of the final surface-to-surface interaction between the two mating cells is not well understood. Nevertheless, the minimal effect of Vvn on the efficiency of conjugation, compared with its marked effect on transformation efficiency, suggests a mechanism devoid of exposing the plasmid to the periplasm of the mating pair in conjugation.
Vvn also appeared to prevent gene uptake by transformation in V. vulnificus, because disruption of the vvn gene increased the frequency of transformation about 10-fold. A residual DNase activity was detected in the periplasm of the Vvndeficient V. vulnificus mutant (ND) by DNase assay or nucleolysis of DNA. This level of residual activity was not present in the periplasm of DH5␣ containing a plasmid with the vvn deletion, indicating that it was not caused by the mutated nuclease gene product per se. A band with weak DNase activity was detected in the periplasm of the ND mutant. However, this may not be responsible for the residual DNase activity, because it was also present in the periplasm of E. coli DH5␣(pUC19), which showed no detectable DNase activity by the DNase assay (data not shown). In sum, no additional DNase was detected in V. vulnificus. The inability to identify additional DNase by vital stain may be due to insufficient sensitivity of the method or a renaturation process unsuitable for the DNase in question. The incomplete digestion of DNA by the residual DNase activity in the periplasm of the ND mutant as demonstrated by electrophoresis of the nucleolytic products of DNA may obscure the vital-stained nucleolytic band. Identification of additional DNases and disruption of the genes encoding them are necessary to generate V. vulnificus strains with adequate efficiency of gene transfer.
Finally, the ND mutant was shown to be as virulent as its parent strain in mice challenged by intraperitoneal injection, indicating that Vvn is not required for the virulence of this organism. The ND mutant, with its unaltered virulence and higher transformation efficiency, may be useful in further genetic studies on the virulence of V. vulnificus.
